ABSTRACT
. Association study approach and GWAS results: (A) Schematic showing the type and size of dataset after quality control for association studies. Association studies are done at three genomic scales across all 17 phenotypes. (B) Manhattan plot for GWAS metaanalysis for the follicular helper T cell phenotype. Positions along the chromosomes are on the x axis, and − log 10 -transformed p-values are on the y axis. Every autosome is represented, but for visualization some are unlabeled. The red line indicates genome-wide significance (p < 5×10 −8 ).
SNP-level Association with Follicular Helper T Cell Phenotype

86
Genome-wide association (GWA) studies of 5788 patients across 17 immune infiltration pheno-87 types reveal two associations at genome-wide significance (p < 5 × 10 −8 ). rs3366, a variant in
88
Six novel candidate genes were associated (p < 2.28 × 10 −5 ) with the CD8 T cell phenotype, an 123 established effector cell in the antitumor activity of the immune system ( Figure 2B ). TCF12 is 124 one of the candidate genes associated with the CD8 T cell phenotype, and it codes for a tran-125 scription factor called HEB. HEB regulates lineage-specific transcriptional profiles of CD4 + CD8 + 126 thymocytes (Futreal et al., 2004) .
Two of the novel candidate genes (ATR and EML4 ), both associated with the leukocyte frac-129 tion phenotype, have been previously implicated in cancer pathogenesis according to the Cancer
130
Figure 2. Summary of candidate genes results: (A) Gene-level association testing identified 77 unique candidate genes, after Bonferroni correction for number of haplotype blocks in the autosomes. Out of the 77 genes, 65 genes are expressed at mean TPM > 1 in either bulk tumor samples or immune cells from healthy donors. Ten of the genes had published GWAS hits in traits related to cancer, immunity, or autoimmunity. The other 55 genes are designated as novel candidate genes. For the novel genes, the two boxes contain candidate genes that represent the two Gene Ontology (GO) terms with the most members. For the 10 previously-associated candidates, the two boxes contain candidate genes with published GWAS hits in cancer or immune/autoimmune traits. Genes are colored according to the phenotype category for which they are most significant. Genes significant for multiple phenotypes are denoted with a colored asterisk. (B) Manhattan plot for gene-level association analysis for the CD8 T cell phenotype. Each point represents a gene. Positions along the chromosomes are on the x axis, and − log 10 -transformed p-values are on the y axis. The red line indicates Bonferroni-corrected significance (p < 2.9 × 10 −5 ). While we implemented many quality control filters of genotype and phenotype data to remove 228 confounders in our analyses, replication is necessary. We were unable to conduct a replication 229 analysis; replication studies are currently not feasible due to a lack of a large, independent, pan- In conclusion, we reported germline variation in SNPs, genes, and pathways associated with To prepare the genotype data for association studies, the following additional quality control 291 steps were taken using plink (Chang et al., 2015) :
where r ijk is the rank of the ith case in non-null observations in phenotype j in cohort k, N jk is 315 the number of non-null observations of phenotype j in cohort k, and φ −1 is the probit function.
316
SNP-level and Gene-level Association Studies
317
Genome-wide association (GWA) studies were conducted for 17 phenotypes within each cancer-318 specific cohort using plink (Chang et al., 2015) . The first ten genetic PCs, age, and sex were 319 included in the regression analysis as covariates. We then used METAL (Willer et al., 2010) 320 with a sample size weighting scheme to perform a pan-cancer meta-analysis for each phenotype.
321
The effect sizes of significant SNPs (p < 5 × 10 −8 ) were calculated using an inverse-variance 322 weighting scheme. 
